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Published tiquenccs of cDNA for human tumor necrosis Factor d (TNF-j?) have a discrepancy within the coding region as well as cxon 1. To resolve 
these discrepancies WC bavc rc-isolated TNF-p cDNA from the human B ccl1 lymphoblasloid ccl1 line. RPM1 1788, and determined its DNA 
scqucncc. Results indicate that amino acid 26 is threoninc (Thr) insicad of aspanginc (Asn). In contrast o published sequences, the fiequcncc ol’ 
the exon I region corresponded to the genomic suqucncc of TNF;B. From our studies WC conclude that the TNF-/3 gene of the human B cell 
lympboblastoid cell line, RPM1 1788. is homologous with respect to the TNF-P gene. 
cDNA cloning: Tcmor necrosis factor /?; RPM1 1788 cell; Polymcrasc hain reaction 
1. INTRODUCTION 
Human tumor necrosis factor p (TNF-p; or lympho- 
toxin LT) is a lymphokine secreted from mitogen-acti- 
vated peripheral blood leukocytes [I] and cell lines of 
hematopoietic origin [2]. It is highly cytotoxic to a wide 
range of tumor cells in vitro and in vivo [3,4] and has 
been reported to be h&erogenous with regard to size 
and charge [5]. TNF-b derived from the B lynlpho- 
blastoid RPM1 1788 cell line has been isolated and its 
amino acid sequence determined 161. 
sequence. In addition we have also isolated the TNF-p 
gene fragment from genomic DNA by the polymerase 
chain reaction (PCR) and found that aa 26 is Thr and 
the exon 1 region of the cDNA does indeed have the 
sequence corresponding to the genomic sequence. 
2. MATERIALS AND METHODS 
The molecular cloning of cDNA for TNF-/J from 
peripheral blood mononuclear cells (PMBC) [4] and the 
genomic sequence of this gene has already been re- 
ported [7.8], whilst Kobayashi et al. [9] isolated cDNA 
from the human T cell hybridoma cell line, AC5-8. 
which had been stimulated with phorbol myristate ace- 
tate (PMA) and concanavalin A (Con A). There is a 
discrepancy between these two studies with respect o 
the DNA sequences corresponding to amino acid (aa) 
26; Kobayashi et al. [9] and Nedwin et al. [7] reported 
aE: 26 to be Asn, while others [4,8] claimed that it was 
Thr. The confusion in the literature was not limited to 
the coding region. A part of the sequence of the exon 
1 region, which had been determined from the cDN.4 
[4,9], was not found in the genomic sequence [7,8] of the 
same gene. 
Restriction enzymes and DNA modifying enzymes were obtained 
from Amersham, Takara Shuzo, Bwhringcr-Mannhcim, New Eng- 
land Biolabs and Toyobo. The cDNA synthmis kit was purchased 
from Amcrsham. DNA scqucncin8 reagents were obtained from the 
US Biochemical Corp. &tl I was purchased from Promcga. 
2.2. Cell.s 
RPM1 1788 cells wcrc purchased from ATCC (#CCL156) and were 
maintained in RPM1 1640 iGibco~ medium suDolumentcd with 10% 
(v/v) heat-inaclivatcd fetal klf serum (FCS), i&l U/ml of penicillin 
and 100 jfg/ml of streptomycin. Cells were grown at 37OC in a humid- 
ificd atmosphere of 5% CO> in air. 
2.3. RNA Bofuriurl urrd consrruc~ion o$a cDNA lihry 
In order to settle these discrepancies and consequent 
confusion, we have isolated the TNF-p cDNA gene and 
determined the coding region as well as the exon 1 
Total RNA (4.9 mg) was extracted from IxlO” cells of RPMI 1788 
cells by the guanidinc isothiocyanate-CsCl method [IO], Poly(A) 
RNA (I IS ~8) was purified from total RNA (2.2 mg) by an 
oligo(dT)ccllulose column [I 11. Double-stranded cDNA (IO ~8) was 
synthcsizcd by the method of Gublcr and Hoffman [12], The ends were 
filled in with T4 polymcrase and Klcnow fragments and the cDNA 
was treated with EcoRI mcthylasc (New England Biolabs.). 
Phosphorylated EcuRI linkers were added [IO]. cDNA fragments 
greater than approximately 600 bpwerc collected by low mcltingpoint 
agarosc (LMA) (Bio-Rad) and were ligated into the EcuRI sire of 
Lgtl I phagc vector [is]. In vitro packaging (Stratagenc) produced a
library of 2SxlO” indcpcndent plaques. 
Corr~prtdtv~cncc o&td.ss: N. Matsuyamu, Tsumura Research Institulc 2.4. isvluriorr of TNF./V cDN.4 chws 
for Molecular Cicnetics. Tsumura & Co., 3586 Yoshiwara, Ami- The oligonucleolide probes wcrc synthesized with the DNA synthc- 
machi, Inashiki-gun. I baraki 300. I I, Japdn. sizer (Applied Biosystcms: ABI): 5’.ACC AGG GAG CCC CTG 
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GGC CCC AGG CAG CAG-3’(Sl) corresponding to the amino acid 
residues -7 LO 3 oTTNF-p and 5’-GGA GGA GGT GGC CTT GGG 
AGA GTA GGC TTT CCC AGA-3’ (S?) corresponding lo residues 
82-93 of TNF;B, The recombinant phagc wihs plated on a I5 cm plate 
attd screened by hybridizing with “‘P-labeled probes in 6~ SCC. 5% 
Dcnhardt’s solution. salmon testis DNA (100 &ml). and 0.5% SDS 
at 65°C for 16 h. Filters wcrc washed twice in 6x SSC at room 
temperature far I5 mill then washed twice in 6x SSC at 65°C for I5 
min. Phapr DNA was purified after plaque purification of positive 
clones [IO], und was subcloned into pTZl9U or pTZl8U [ 141. Both 
strands of the inserts were scqucnced with modified T7 polytncrpsc 
(US Biochcmicals) and analyzed with ;m ABI DNA sequencer. Ama 
biguous regions of sequence were contirmed by subcloning frilymcnls 
into pTZ l9U or pTZ l8U followed by the dideoxy sequencing method 
1151. 
Genomic DNA was isohcd from RPM I I788 cells us dcscribcd b) 
Maniatis et al. [IO] except that I % SDS was used instead ol’O.j%, and 
proteinasc K WPS added to H linal concentration of I m@nl and 
RNAse TI to 7.1 ,f@mI. Gcnomic DNA (660 ng. approximately 
22x10 molecules) was subjected 10 35 cycles oTamplific:hon [ 161 in 
a Tempcyclcs Model SO (Coy L;iboralory Products Inc,) with prime1 
5’GAA TTC CAC CTG GGA GTA GAC GAA GTA-3’ (PI 1, which 
represents the bases 1927-l 947 oTlI:e genomic DNA ol’TN F-8 171. and 
5’CCA TCT CCT TGG GCT GCC CG-3’ (PS) which corresponds 
to the bttses 852-871 of the gcnomic DNA of TNF$ [7] (see Fig. I). 
The reaction mixture contained I .5 mM M&Cl:, 50 mM KCI, IO mM 
Tris-HCI (pH 8.3), O.Ol=Yb (w/v) gclatill. 200pM dNTPs. I PM ol’cach 
primer. 2.5 U Tfrr/ poIyn7erilsc (Tukaru Shuro), and I U of the Perfect 
Match Enhancer (Stratngcnc) in a linal volume of 100~1. The mixtures 
wcrc covered with 2 drops of minerul oil (Sigma). Thermal cycling 
conditions were I min at 95°C . 1 min ut GOOC and 3 min at 72°C. 
Amplification WYS complctcd by u anal incubation at 72OC for IO min. 
The PCR products were subjected to 0.8% iggrose gel elrctrophoresis 
for analysis ond purified by LMA and liguted with pTZl9U or 
pTZl8U. After transformation of Esdwid~irr w/i strain NM522 [ 171 
with these plilsmids. white colonies from X-gal/lPTG plates were 
screened and the DNA sccluences were determined, 
3. RESULTS AND DISCUSSION 
We screened 5x10” clones from the RPM1 1788 
cDNA library with two synthetic oligonucleotide 
probes (Sl and S2) and isolated two positive clones 
(I,T#2 and LT#l I). As shown in Fig. 1, the sequence 
consists of 615 bp (81-695) of an open reading frame, 
which gives the amino acid sequence of the TNF-B pro- 
tein sequerlce reported by Aggarwal et al. [6], 139 bp 
(60-80) of 5’ untranslated sequence, 627 bp (699-1325) 
of 3’ untranslated sequence, and the consensus polyad- 
enylation additional signal [18] (1307-1312) just up- 
stream of the poly(A) tail. The 26th amino acid turned 
out to be threonine in contrast to the reports by 
Kobayashi et al. [9]. This TNF-p cDNA was inserted 
into the mammalian expression vector, pcDL-SRct296. 
COS-1 cells containing this vector excreted cytotoxic 
factor and showed cylotoxic activity against L929 cells 
(data not shown). 
To confirm that our cDNA sequence obtained from 
RPM1 1788 is in accordance with the genomic DNA, 
PCR was performed with the genomic DNA as a tem- 
plate using the primers, Pl and P2 (Fig. I). The PCR 
product was subcloned and sequenced and it was found 
that the sequence obtained from the genomc was iden- 
tical to that of the cDNA. 
The comparison of cDNA and genomic DNA of 
TNF-/J, which has been published, and our results are 
shown in Table I. First, our TNF-p cDNA correspond- 
ing to the exon I region was identified with our genomic 
DNA sequence from the same source. Dotted cDNA 
sequences of Gray’s [4] and Kobayashi’s [9]. as shown 
in Table I, were not found in our and others’ genomic 
sequences [7.8.19.20]. It is unlikely that these sequences 
of the exon I region came from different splicing of 
messenger RNA. Since our cDNA sequence matches 
with that of the genomic sequence we conclude that our 
TNF-fi mRNA must be transcribed from the genomic 
sequence described here. Second, Abraham et al. [21] 
and Messer et al. [20] have reported that there are two 
types ofTNF-@ gene detectable by Nccrl restriction frag- 
Genomic DNA 
t71 
clone LT#2 
10 81 Ttu 
PO’Y A clone LT#ll 
1337 1312 
Fig. I, Comparison of our TNF-19 cDNA clones with published sequences. The first numbered poshion is nucleotide G of an initial base of a clone 
or Gray’s [4] which corresponds to 909 of the gcnomic DNA [7]. The arrows indicate probes and primers. I shows AAC (Asn) or ACC (Thr) at 
amino acid residue 26; q and q indicutc the diffcrcnccs among DNA scqucnccs; q indicates an open reading frame of TNF-p, 
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ment length polymorphism (RFLP): the Asn (aa 26) 
type of TNF-j3 has an NcoI site (G at intron 1069). while 
the Thr type is not digested with Ncol because of an A 
instead of a G at the same position, Our PCR-amplified 
DNA could not be digested with Ncol at all (data not 
shown) and therefore the TNF-/3 gene of the RPM1 
1788 cell line must be homozygous. Thirdly. the se- 
quence of the cDNA and that of the genomic DNA 
originating from the same source (HUT102 cell line) 
were reported by Kato et al. [21]. and, according to their 
data, the TNF-B gene in HUT102 appears to be heterol- 
ogous; however, they did not determine the sequence of 
the region covering position 1069 which decisively indi- 
cates whether or not the gene is heterologous or homo- 
logous, depending on whether the site is an A or G. On 
the other hand our results proved that the TNF-j gene 
in the RPM1 1788 cell line is the homologous The type 
by cDNA and pnomic DNA sequence analysis. 
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